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oleculm dynamics 
@ Princi a1 hugoniots for shock-co 

Deuterium, Nitrogen and Oxygen 
0 Pressure-dependent frequency shifts for dense Nitrogen 

and mixtures of dense NitrogedCarbon monoxide 
Status Report on MondoSCF: New Methods for the 
Ab Initio Simulation of Large Systems 

Los Alamos 



uantum olecular vnarnics J f 

* Electrons: qu rn mechanical tre 
- Interatomic potential derived from electronic wavefunctions 
- Accurate description of bond breaking and bond making 

Nuclei: classical treatment (F=ma) 

MD trajectory: alternate repeatedly between steps 2 and 3 
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Hugoniots for Deuterium, Nitro 
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Theoretical EOS for Detonation Products 

Simdation of @:I4 mixture (1 :4 ratio) 
29 solid cabon K and P=50 GPa. 

(Note the carbon cluster ~~~~~~~~ 

Carbon clusters modeled with 
gling bonds on surface capped 

with various radicals composed of 
C, H, N, and 0 from the fluid 

Presently - additive model used to 
estimate the clus ter-radic a1 bond 
strength 

Proposal - use ab initio calculations 
for surface-radical bond strengths Los Alamos 
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G98/PW91 6-3 1 +G* 1.1151 2362 
6-3 1 +G" 1.1051 2454 

VASPPW91 435 eV -1.14 1566 
VASPIPW91 435 eV 1.1148 1611 
VASPIPW91 517 eV 1.1131 1623 

Exp't 1.098 2359 

ptXi0d) 
(MD forces) 
(MD forces) 
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Pressure-Dependent Frequency Shifts Extracted from 
Density Functional Molecular Dynamics (VASP-MD) 
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Pressure-Dependent Frequency Shifts Extracted from 
ab initio Molecula Bynarnics (VASP-MD) 

2.14 4350 
1.75 4340 
1.78 2400 

P (GPa) P (GPa) Am (cm-l) Am (cm-l) 
exp’t MD exp’t MD 
35 35 38 25 
19 20 19 31 
16 17 28 33 
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* N-scaling (CPU work scales linearly with no. of atoms) 
VASP (Vienna ab initio Simulation Package) 
0 Density functional theory (GGAPW9 1) 

Planewave basis functions 
Ultrasoft pseudopotentials for core electrons 
N2-scaling 
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itrogen ( G, T=30 
Density-Functional (VASP) Molecular Dynamics (MD) 

shots of 3 

32 atoms, L =: 7.1 A 
IO0 -iialence elec&ons 

202 atoms, L = 13.1 A 
ZOlO va!encs elecwons 

- 
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* Proof of principle: O(N) achieved in all target areas except 
orthogonalization (very cheap O(N2), work in progress to get linear). 

0 Parallel methods are essential to enable large routine calculations because 
of sizable memory and cost prefactors. 

0 Parallel sparse matrix infrastructure has been developed supporting htuine 
work on parallel QCTC, HiCu and ONX and corresponding gradient$. 
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C.J. Tymczak (Periodic Boundary Conditions; T-14, LANL) 
' Eric Schwegler (ONX; LLNL) 
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